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^ those with visual impairments or blindness. In particular, the invention relates to the use of transcranial magnetic stimulation for 
^ improving the visual functions of a human and to a process for improving the visual function of a human by transcranial magnetic 
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Transcranial Magnetic Stimulation (IMS) 
For Improving Vision in Humans 

The invention relates to the transcranial magnetic stimulation (TMS) for improving vision 
of visually impaired or blind people. In particular, the invention relates to the use of 
trans-cranial magnetic stimulation for improving the visual functions of humans and to a 
process for improving the visual function of humans by transcranial magnetic stimula- 
tion. 

Loss of visual functions is a frequent consequence of brain injury which may be due to 
different disorders, including trauma, tumor, stroke or perinatal damage. Many patients 
with brain injury suffer from visual loss due to trauma, stroke, visual defects in early 
development etc.. This loss of vision is due to loss or impairment of visual system neu- 
rons in the brain. An activation of surviving neurons can, as of now, only be achieved by 
long-term, appropriate training of visual functions. Proper vision is commonly believed 
to require a highly specific neuronal organization, which is laid down during early devel- 
opment. Despite this specificity in neuronal organization, however, a considerable degree 
of plasticity exists in the injured visual system, and its activation is an important goal of 
clinical research. Surviving neurons in partially injured brain areas play the decisive role. 

U.S. Patent No. 5,441,495 (Liboff et al.) describes a method and an apparatus for thera- 
peutically treating stroke. By means of a suitable generator, a controlled, fluctuating, 
directionally oriented magnetic field is produced parallel to a predetermined axis pro- 
jecting through the cerebral tissue of the person to be treated. It is described in said 
document that the applied magnetic field, immediately applied after a stroke, may con- 
tribute to rnamtaining tissue viability and reducing edema by controlling ion electrolyte 
balance by adjusting the frequency of the fluctuating magnetic field and/or by adjusting 
the intensity of the applied magnetic field after nulling out the local magnetic field at the 
region containing the target cerebral tissue. There cannot be derived from said document 
a stimulation of residual, surviving neuron fibers at any time after an injury or stroke. 
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Most blind subjects do not have a complete loss of vision, but they show at least some, 
albeit severely impaired, residual visual functions (such as light detection, movement and 
color vision). While blindness is clinically defined by the inability of the patients to ori- 
ent themselves in the visual environment without external help, this definition of blind- 
ness includes many subjects which still have some, often small, amount of residual vi- 
sion. In contrast, partial blindness is a condition which is characterized by some intact 
sectors of the visual field, with patients being unable to perceive visual stimuli and ob- 
jects in the remaining visual field sector which vary considerably in size and location. 

According to the generally accepted teaching, areas of the visual field are thus either 
seeing or blind, with no or very little potential for residual vision. However, recent re- 
search has revealed many independent confirmations that there is a remarkable ability for 
residual vision in the brain of injured patients. Several lines of evidence are in line with 
this argument: (i) about half of the patients are able to sub-consciously respond correctly 
(by guessing above chance) to visual stimuli, even if they are not consciously aware of it 
(this is referred to as blindsight); (ii), there are transition zones located within or near the 
blind region of patients which are only revealed if high resolution perimetry is performed 
(Kasten et al (1); 1998); and (iii) regular training of patients with repetitive visual stimu- 
lation on a computer monitor can produce visual field enlargements which would be im- 
possible if no residual visual structures existed (Kasten et al (2); 1998). As a neurobi- 
ologies basis for this training-induced visual improvement surviving neurons within ar- 
eas of partial injury are believed to be critical, and their activation by repetitive use may 
restore some of the lost visual functions. By describing these residual visual functions, 
visual neurons surviving the injury may be activated by regular behavioral training. 

Thus, there is clear evidence for residual, visual capacities which may, in fact, be used 
for therapeutic purposes. Given this residual vision the question arises, how this residual 
potential can best be activated with the goal to restore some sight in visually impaired or 
legally blind patients. In contrast to Liboff et al. (loc. cit), the goal is not to enhance cell 
survival. 
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One traditional way to elicit functions in the animal and human brain is to stimulate elec- 
trically those areas of the brain which are responsible for the function in question. How- 
ever, as this is very invasive, such electrical stimulation is not feasible for clinical use. 
Also, the method of stimulating the brain through the skull electrically (TES, transcranial 
electrical stimulation) can not be applied clinically because it induces pain. Therefore, 
other methods are required to stimulate residual visual capacities in circumscribed re- 
gions of the visual system. 

Thus, while it is clear that activation of residual visual capacities is desired, there is no 
such method which can be used in humans to stimulate residual vision directly (via 
physical means) other than regular, laborious training. Therefore, it was reasoned that, 
if it was possible to excite areas of residual vision in a non-invasive and more comfort- 
able, convenient and training-free manner, improved vision may be accomplished. 

Based on the concept that partially surviving neurons may be used to restore some visual 
functions, we now propose the use of transcranial magnetic stimulation (TMS), particu- 
larly repetitive transcranial magnetic stimulation (rTMS), as a novel, non-invasive means 
to improve visual functions without the requirement of training. By increasing the excit- 
ability of residual visual functions, TMS may amplify the residual signals that the few 
surviving neurons in the brain transmit to higher brain areas, such as visual cortex. To 
this end, TMS and particular rTMS was applied to the neocortex, producing markedly 
improved vision in patients which suffered severe visual impairments. Thus, TMS and 
particularly rTMS comprises a new method to treat visual impairment in patients with 
visual system disorders. 

To achieve stimulation of the brain's residual vision, we have now used the technique of 
repetitive transcranial magnetic stimulation (rTMS). Repetitive transcranial magnetic 
stimulation, i. e. the repetitive stimulation of certain parts of the brain by magnetic field 
pulses through the intact cranium, has recently been developed as a method to stimulate 
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the brain non-invasively to either interfere with normal brain function or, when applied 
repetitively, to induce visual hallucinations or reduce depression (George et al., 1998). 
rTMS has not been used to improve functions which have been lost following injury to 
the brain, such as vision. 

The application of rTMS surprisingly allows to stimulate areas of residual vision in such 
a manner that they become more excitable to the reduced visual input and thus increase 
their functions. 

Hence, the invention related to the use of transcranial magnetic stimulation for improving 
the visual functions of a human. 

Furthermore, the invention relates to a process for improving the visual function of a 
human by transcranial magnetic stimulation, said process comprising the steps of 

holding a magnetic coil to the skull of said human or a part thereof; and 
inducing a magnetic field onto the cortical area of interest. 

TMS is achieved by holding a magnetic coil to the skull of a patient or a part thereof and 
inducing magnetic fields onto the cortical areas of interest. While in the present experi- 
ment this stimulation was limited to small, localized regions, it is apparent to those 
skilled in the art that stimulation of larger regions is also possible. When applied to the 
skull non-invasively, TMS induces an electric current through electromagnetic induction 
in the brain tissue. In this manner it is possible to stimulate selected areas of the brain 
without invasive procedures. This can be controlled by applying TMS through a grid, 
which permits that a selected brain region can be stimulated, recording the behavioral or 
perceptual response during or after the stimulation. 

There are two basic applications of TMS: (i) magnetic interference with normal brain 
function to localized critical structures in the brain which are involved in the function to 
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be studied; and (ii) magnetic enhancement of normal brain function by strengthening en- 
dogenous signals. 

While functional improvements are generally thought to best be obtained by strengthen- 
ing endogenous visual signals, it is readily apparent to those skilled in the art that it is 
also possible to improve functions by interfering with inhibitory processes that normally 
reduce or inhibit visual information processing. 

One example of achieving magnetic interference is the study by Zeki et al. (Beckers & 
Zeki, 1995) who applied magnetic stimulation of a specific visual area, MT, which pro- 
duced an inability to perceive moving stimuli. A prior art example for TMS-induced 
functional enhancement is that of motor cortex stimulation which leads to a visible mus- 
cle twitch of the thumb in uninjured patients or the induction of phosphenes in a normal 
human being when the visual system in stimulated (Meyer et al., 1991). 

The use of TMS in visual system stimulation 

In the last few years several experiments were carried out to map the visual cortex in 
healthy subjects with TMS. The earliest report where phosphenes were elicited appeared 
in 1985 (Barker et. al.) who used a large round magnetic coil (14 cm OD). Phosphenes 
are visible flashes of vision, similar to visual hallucinations, which are unrelated to ex- 
ternal visual stimulation. In later experiments subjects experienced bright white, yellow 
or gray spots (Meyer et.al.1991, Ray et.al. 1998) which were located mostly in the con- 
tralateral hemisphere and which only appeared during, but not after, the magnetic stimu- 
lation. Phosphenes are difficult to elicit with small coils (9,2 cm of outer diameter (OD), 
Amassian et al. 1989). Amassian et al. (1998) suggest that TMS of the visual pathways 
requires large coils as phosphenes may be elicited only when cortical tissue is excited at 
greater depth, exciting fiber connections to or from the deeper calcarine cortex. 

Cohen et al. (1997) investigated the plasticity of the somatosensory cortex, when TMS 
was applied over the visual cortex during reading of braille or embossed roman letters in 
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blind and healthy subjects. They found significant disturbances within the reading per- 
formance for braille letters in blind subjects. 

We now disclose that TMS can be used to stimulate visual functions in patients with vis- 
ual impairments in two ways: Firstly, it elicits photic sensations, called phosphenes, in 
blind and partially blind subjects, and secondly TMS may be used to improve residual 
visual perception within blind subjects beyond the period of actual stimulation. These 
observations, which have never been reported before, provide a novel way whereby re- 
sidual visual functions may be stimulated to obtain the clinical effect of restoring some 
visual functions 

Method 

A stimulation was carried out by magnetic field pulses through the intact cranium (trans- 
cranial magnetic stimulation; TMS). Particularly, more than 2 consecutive stimuli having 
a frequency of > 1 Hz were provided with a constant inter-stimulus interval (repetitive 
transcranial magnetic stimulation; rTMS). 

The method described is not meant to be limiting in any way as it comprises only one 
possible example in which residual vision can be elicited or strengthened. For those 
skilled in the art it is obvious that, by altering the stimulation parameters such as stimu- 
lation time, intensity, location and stimulus pattern, different desirable effects may be 
achieved. Also, while in our experiments we stimulated blind subjects of particular eti- 
ologies over the visual cortex and examined their sensations and perceptions, basically 
any disorder affecting the visual system could be treated by TMS. Thus, the description 
below is just meant to be illustrative, without assuming any specific limitations in terms 
of how the stimulation is achieved, as long as the stimulation is sufficient to elicit some 
useful visual functions. 
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Subjects 

10 Twenty five blind subjects (18 to 65 years, mean 38,4; 7 women, 18 men) participated in 

the experiment. Prior to the trial, approval of the trial was obtained from the local ethical 
committee. Exclusion criteria included a family history of seizures or any history of 

75 other significant neurological and psychiatric disease. These exclusion criteria were ap- 

plied for experimental purposes only. They do not mean to imply that such patients could 
potentially not be treated. Nine subjects were clinically blind since birth, 10 of them had 
no vision on both eyes. All subjects had exclusively prechiasmatic lesions. Again, this 

20 

patient selection does not imply that patients with postchiasmatic lesions are not treatable 
as well. In fact, TMS can be used in them also. The patient characteristics and etiologies 
are shown in Table 1. 

25 
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Table 1 



10 


Subject 


Age 


Gender 


Residual Functions 


Loss of sight since: 




BG 


47 


m 


CV. MV. LD 


Birth 




AK 


30 


f 


CV, MV, LD 


Birth 


15 


GL 


47 


m 


LD, MS 


age 14 




BB 


45 


m 


None 


Birth 




GD 


47 


f 


CV. MV. LD 


age 36 


20 


MH 


28 


in 


None 


Birth 


UB 


33 


f 


None 


age 9 




AB 


34 


m 


None 


age 2 


25 


WT 


18 


m 


LD 


Birth 


TG 


37 


m 


None 


age 6 




MH 


36 


f 


LD 


age 5 




KR 


57 


f 


LD 


age 2 1 


30 


PH 


44 


m 


MV. LD 


age 40 




BW 


36 


m 


LD 


age 15 




OL 


37 


m 


MV. LD 


age 25 


35 


KM 


54 


m 


None 


age 16 




SM 


58 


m 


None 


age 10 




OK 


65 


m 


LD 


age 6 


40 


WH 


57 


m 


CV, MV, LD 


age 1 


KG 


31 


f 


MV, LD 


Birth 




EE 


56 


f 


None 


age 20 




KW 


18 


m 


CV.LD 


Birth 


45 


AK 


18 


m 


None 


Birth 




00 


19 


m 


LD 


Birth 




MB 


19 


m 


None 


age 7 



50 



55 
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The above Table 1 shows the age, gender, time since loss of sight and detected residual 
visual functions (CV = colour vision, MV = movement vision, LD = light detection) of 
the test persons. 

Stimulation 

For experimental purposes we chose a special stimulus configuration. This should not be 
viewed as limiting, as many stimulus configurations may be used, which is readily ap- 
parent to anyone skilled in the art. 

In the current configuration, magnetic stimulation was delivered from a Dantec MagPro 
repetitive stimulator (maximum stimulator output: 4 Tesla). We used a large figure eight 
coil (Magnetic coil transducer MC-B70; coil winding data: inner radius 10 mm, outer 
radius 50 mm, winding height 6 mm) which was especially designed to stimulate deep- 
lying brain tissue. Orientation marks for easy positioning, low click noise level and a 
trigger button supported clinical use of the instrument. With the exception of the motor- 
threshold measurements (single pulse TMS) we used 7 trains of 15 Hz with a duration of 
0.5 s and bi-phasic current (rTMS). However, other settings can be used as anyone 
trained in the an would readily appreciate. 

Measurement of motor threshold 

In all our subjects the motor-threshold was determined so that comparison could be made 
with the visual thresholds required for the elicitation of phosphenes. In this manner we 
were also able to identify individuals with abnormally low thresholds for safety reasons 
and to adjust stimulation intensity on an individual basis in subjects with higher thresh- 
olds. For motor cortex stimulation, subjects were seated in a chair with their elbows 
resting on the arms of the chair. Surface electromyographic (EMG) recordings were ob- 
tained from the first interossial muscle (FDI) of both hands. The electrodes were placed 
over the belly of the muscle and the tip of the index finger. The stimulation was per- 
formed with single pulse TMS over the motor hand area of the cortex. The motor thresh- 



WO 00/74777 



10 



PCT/EP99/03836 



10 



old was defined as the lowest intensity (expressed as percentage of the maximal stimula- 
tor output) able to produce twitches in approximately 50% of the trials. Thresholds were 
determined at rest. 



15 



20 



25 



Measurement of Visual Thresholds 

For the measurement of the visual thresholds, the subjects were blindfolded and seated in 
a darkened room. We used 7 TMS pulses (15 Hz, 0,5 s, biphasic current). The coil was 
placed laterally from the inion-nasion midline. Stimulation was started with 50% and 
adjusted until the subject reported phosphenes. The intensity then was tuned more pre- 
cisely in order to determine the threshold of phosphene perception. The latter was deter- 
mined both by increasing and decreasing the TMS intensity. 

Visual and motor thresholds for this special setting were subsequently compared, and the 
results are displayed in table 2. 



30 



Table 2 



35 



40 



Motor 




visual threshold 




Threshold 








right hemisphere 


left hemisphere 


right hemisphere 


left hemisphere 


|41,8% 


41,75% 


41,3% 


43,0% | 



45 



Table 2 shows the motor and visual thresholds for healthy subjects using 7 pulses with 15 
Hz (0.5 s). 
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Stimulation of visual cortex 

During stimulation of visual cortex the blindfolded subjects sat in a darkened room. They 
wore a cap with a coordinate system (lxl cm). The grid was placed in such a manner 
that the zero reference point was located above the inion and along the midline of the 
scull. The stimulator was positioned behind the subjects. 

During the first part of the stimulation, TMS was applied with 50% of the maximum 
stimulator output at the grid crosspoints located above visual cortex (5 cm lateral and up 
to 10 cm superior from the inion. The stimulation intensity corresponded to a factor of 
1.25 of the motor threshold (see the above measurements). 7 TMS pulses (15 Hz; 0.5 s; 
biphasic current) were used. In the case of a higher or lower motor threshold, the stimu- 
lus intensity for the visual mapping was increased or decreased (6 subjects), respectively. 
After each single stimulation over the grid, the subjects had to describe all sensory per- 
ceptions they had during the stimulation, including quality, quantity and location. The 
reports were recorded on tape for subsequent analysis. As soon as any sensory percep- 
tions were noted by the subjects, the corresponding visual threshold was recorded. 

In the second step of the experiment, each subject was stimulated with increasing inten- 
sity (5 % over the stimulator output used in the first step of the experiment, at most 55 
%) 10 times at different points over the grid at those positions where phosphenes had 
been noted before. The subjects were then asked to report possible changes in perception, 
also recorded on tape, which occurred not only during the stimulation but particularly 
those which occurred after the stimulation was discontinued. 
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Results 
Safety 

10 

No subject experienced seizures in response to rTMS of the occipital cortex. All subjects 
tolerated the treatment well and no other unintended side effects were noted. 

15 

Motor Thresholds 



With the settings used in this experiment, the average output needed to elicit muscle 

20 

twitches in the contralateral hand was 42.7% (right hemisphere, left ID) and 42.9% 
(right hemisphere, right ID) t respectively. Person correlation of both ID was significant 
(0.68; 2-tailed, p=0.01). Coil placement and the site of motor response varied somewhat 
25 among the subjects. 

Phosphenes 

30 

10 subjects reported phosphenes, which were subjectively described as white or yellow 
spots of light, bars or light surfaces extending over entire quadrants of the visual field. 
Laterality varied among and within the subjects, e.g. stimulation over the left hemisphere 
35 in one subject revealed contralateral phosphenes whereas stimulation over the right hemi- 

sphere revealed ipsilateral phosphenes. 



When comparing to the motor thresholds, the visual thresholds were similar with 43.6% 
for the left and 45.3% for the right hemisphere. Pearson correlation of left and right vis- 
ual thresholds were significant (0.739; 2-tailed, p<0.05). With higher stimulus intensity 
mostly the shape, color and location of the phosphenes remained consistent, but the 
brightness or the area with elicited phosphenes increased. One subject reported a repro- 
ducible perception of warmth („like a red-light-lamp") in his visual field. He was blind 
since birth with no residual visual functions. Another subject described a kind of sensual 
50 perception. For this effect the threshold was found to be 40% (RH) and 42% (LH). 



40 



45 



55 



WO (M74777 



13 



PCT/EP99/03S36 



There are no significant differences when comparing the visual and motor thresholds of 
normal subjects with those of our patients (see table 3). 



Table 3 




Table 3 shows a comparison of motor and visual thresholds (in percent of the stimulator 
output) in healthy and blind subjects. 

Long-lasting visual enhancement by TMS 

Six subjects reported, during the stimulation, an increasing intensity of brightness as 
phosphenes were repeatedly elicited. In some cases, the phosphenes persisted over a 
variable period of time while changing intensity, location and brightness as reported by 
the subjects, who's responses were recorded on tape. After the end of the experiment, 
the subjects noticed an improved ability of light detection which was stable for a time 
well beyond the stimulation period. By selecting different stimulation conditions and re- 
peatedly applying this TMS procedure to visually impaired subjects, long-lasting, perma- 
nent improvements may be achieved. For example, if the intensity of the repetitive tran- 
scranial magnetic stimulation or the period of stimulation are increased, in both cases an 
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5 

extension of the period after discontinuation of the stimulation was observed during 
which changes in perception were reported by the subjects stimulated. 

10 

To detennine if there is a relationship between the subjects ability for light detection 
(light detection is defuied here as the ability to determine the existence of a high lumi- 
nance light source) and the appearance of long-lasting visual enhancement, a correlation 

15 

was calculated between both parameters. The Pearson correlation was found to be sig- 
nificant (0.391; 2-tailed, p=0.05), indicating that visual enhancement was dependent 
upon the subjects* original degree of residual vision. It did not depend on the time since 
20 the lesion had occurred (lesion age) 

Table 4 

25 



30 





Age 


Residual 
Functions 


Loss of Sight 
since: 


Phosphenes 


BG 


47 


CV, MV, LD 


Birth 


Bilateral 


GD 


47 


CV, MV, LD 


Age 36 


Bilateral 


KR 


57 


LD 


Age 21 


Bilateral 


PH 


44 


MV, LD 


Age 40 


Bilateral 


OL 


37 


MV, LD 


Age 25 


Bilateral 


OO 


19 


LD 


Birth 


Bilateral 



Table 4 shows data of subjects with enhanced residual vision 



As a result of the experiments according to the present invention, it may be stated that 
the inventors were able to elicit phosphenes in blind subjects using a figure eight coil. 

45 

However, other magnetic coils may be used as well, as long as they achieve the desired 
effect. The time since the lesion (lesion age) did not affect the probability that phos- 

50 
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phenes perceptions could be found. The measurement of the visual and motor threshold 
showed an impressive inter- and intraindividual stability. 

Here it is reported for the first time that, despite of a long period of subnormal visual 
function, in patients with rmnimal or no vision we could elicit visual perceptions in visual 
cortex in a way which was in some point similar to that of healthy subjects. However, we 
did notice some differences within the excitation of phosphenes. Six of twenty five pa- 
tients reported an increased ability of light detection, suggesting that the responsivity of 
visual cortex to magnetic stimulation had increased due to blindness. Taking a closer 
look at the residual functions we noted that all of those subjects which experienced such a 
sensitivity increase had also some degree of minimal residual functions as revealed by 
their ability for some light detection during routine neurological screening, i.e. before 
TMS. The small, residual input from the eye (all subjects with phosphenes had some 
residual light detection abilities) probably forced the visual cortex to respond more effec- 
tively to use the residual visual excitation which is mediated by spared neurons in the 
visual system. Direct additional stimulation therefore seems to reveal more intensive 
phosphenes than in normal subjects and also produces longer vision enhancement in some 
of the patients. 

In conclusion, phosphenes can be elicited in blind subjects, independent of whether or 
not they had some residual light detection before being entered into the study, i.e. mini- 
mal residual visual function in their individual history. Some subjects experienced per- 
sistent phosphenes after the stimulation, sometimes changing in location, shape and in- 
tensity. This suggests that visual cortex excitation by TMS produces long-lasting visual 
improvements which, when given repeatedly, may last for long periods of time. Anyone 
skilled in the art will readily appreciate that such therapeutic effects can be altered by 
changing exposure to the TMS stimulation. 

The mechanisms of the TMS-induced visual enhancement are not known at the current 
time and are not important with respect to the results achieved and reported here. How- 



WO 00/74777 PCT/EP99/03836 

16 



ever, those skilled in the art will readily appreciate that visual enhancement by TMS may 
be similar to those processes which are also involved in long-term potentiation. For ex- 

10 ample, Pascual-Leone et al. (1998) report that rTMS modulates cortical excitability be- 

yond the duration of the rTMS trains themselves. Depending upon which rTMS parame- 
ters are selected, a lasting inhibition or facilitation of cortical excitability can be induced, 

15 affecting a wider neural network transsynaptically and resulting in long term depression 

(LTD) and long term potentiation (LTP) in the normal, un-injured brain (see Pascual- 
Leone et al.,1998). No one has shown, however, that such excitability increases can be 
used to achieve clinically useful goals. 

20 

The modulation of excitability is already successfully used in the treatment of major de- 
pressive disorder to enhance the excitability of the frontal lobe of those patients. The 
25 current study shows the possibility of rTMS-treatment to increase residual visual func- 

tions in blind subjects as well, offering a novel possibility to enhance visual functions in 
a hitherto unknown way. 
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The following specific examples may be provided in order to explain the invention in 
more detail; however, these examples should not be understood to limit the scope of the 
invention. 



Patient 00: 

Patient 00 (age: 19 years) was blind since birth with lowest ability for light detectionof 
highly illuminated light sources. During the stimulation (7 TMS pulses; 15 Hz; 0.5 s 
interpulse interval; biphasic current), he reported an increasing brightness in his contra- 
lateral visual field (depending upon the stimulated hemisphere). Variation of stimulation 
intensity led to an alteration within this perception. At the end of the stimulation session, 
45 the patient noted a stable and increased ability of the orientation and light detection (e. g. 

he was able to determine the position of shades on the wall for a time beyond the dura- 
tion of the stimulation). 

50 
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Patient KR: 

Patient KR was a 57 year old female patient who went blind approximately 36 years be- 
fore the date of stimulation as a result of a medical practice known as "pneumencepha- 
lography" that is no longer used today. 

During the stimulation stimulation (7 TMS pulses; 15 Hz; 0.5 s interpulse interval; bi- 
phasic current), she reported bilateral phosphenes with high intensity. The maximum of 
elicited phosphenes was 1 to 2 cm lateral and 1 to 2 cm superior to the inion at the right 
hemisphere. After the stimulation session, she noted an increased ability of light percep- 
tion (e. g. she was able to detect the shape of her friend's face). This effect lasted beyond 
the duration of the stimulation. 
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Claims 

1. Use of transcranial magnetic stimulation for improving the visual functions of a hu- 
man. 

2. Use according to claim 1 for increasing the excitability of residual visual functions in 
neurons in the brain surviving brain injury due to disorders. 

3. Use according to claim 1, wherein the brain injury is due to trauma or stroke or tu- 
mor or perinatal damage. 

4. Use according to any of the claims 1 to 3, wherein the transcranial application of 
more than 2 magnetic stimuli is carried out with a frequency of more than 1 Hz while 
maintaining a constant inter stimulus interval (repetitive transcranial magnetic stimu- 
lation). 

5. Use according to any of the claims 1 to 4 by holding a magnetic coil to the skull or 
parts thereof and inducing a magnetic field onto the cortical area of interest. 

6. Use according to any of the claims 1 to 5, wherein the magnetic field is induced 
through a grid, whereby the stimulation of a selected brain region is permitted. 

7. Use according to any of the claims 1 to 6 for magnetic interference with normal brain 
function to localized critical structures in the brain which are involved in the function 
to be studied or for magnetic enhancement of normal brain function by strengthening 
endogenous signals. 
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8. Use according to claim 7 for eliciting photic sensations in the course of the stimula- 
tion step within blind or partially blind subjects and/or for improving visual percep- 
tion beyond the period of actual stimulation within blind subjects. 

9. A process for improving the visual function of a human by transcranial magnetic 
stimulation, said process comprising the steps of 

holding a magnetic coil to the skull of said human or a part thereof; and 
inducing a magnetic field onto the cortical area of interest. 

10. The process of claim 9, wherein the magnetic field is induced through a grid, 
whereby the stimulation of a selected brain region is permitted. 

11. The process of claims 9 and 10, wherein the transcranial application of more than 2 
magnetic stimuli is carried out with a frequency of more than 1 Hz while maintaining 
a constant inters timulus interval (repetitive transcranial magnetic stimulation). 

12. The process of any of claims 9 to 11, wherein the maximum stimulating output pref- 
erably is 4 Ts or more. 

13. The process according to any of the claims 9 to 12, wherein there are provided 5 to 
15, preferably 6 to 10, more preferably 7, trains of magnetic pulses of 5 to 20 Hz, 
preferably 10 to 17 Hz, more preferably 15 Hz, having a duration of 0.1 to 1.0 s, 
preferably 0.3 to 0.7 s, more preferably 0.5 s (biphasic current). 

14. The process according to any of the claims 9 to 12, wherein the application of the 
magnetic pulses is conducted with an intensity increasing in the course of the applic- 
ation. 
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15. The process according to claim 14, wherein the increase of intensity is from 20 to 60 
% of the final intensity, preferably 50 % of the final intensity, at the beg inning to 100 

10 % of the final intensity at the end. 

16. The process according to any of the claims 9 to 15, wherein preferably a figure eight 
15 coil having an inner radius of 10 mm and an outer radius of 50 mm and a winding 

height of 6 mm is used. 
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